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parations. The present method is especially applicable to preparing biopsy and other small specimens of tissue for metabolic examination of processes which are controlled by structural factors.
We are greatly indebted to Mr W. Piper for taking part in the construction of the machine, to Mrs 0. Forda for assisting in some of the metabolic experiments, and to Mr S. Jaffe for the photographs. EXPLANATION Guinea pig tissues prepared with the chopper and photographed, while indirectly illuminated, in a shallow layer of saline in dishes with black background. The whole of the specimens chopped have been transferred for photographing. Fig. 4 . Cerebellum cut at 0-26 mm. intervals. Note the cortical layers and white matter which show little tendency to separate. There is also little debris. Fig. 5 . Cerebral hemisphere cut at 021 mm. intervals in two directions at right angles. The specimen cut was a block 5 mm. square taken from about the middle of the hemisphere, extending from its cortical surface to the lateral ventricle. For cutting, it was laid on the subcortical white matter. A portion of this is seen at one end of each fragment. In a study of the excretion of oxidation products of naphthalene by rabbits (Boyland & Wiltshire, 1952) , 1-naphthol was estimated in urine as the blue indophenol formed with 2:6-dichloroquinone chloroimide (phenol reagent). Under the conditions described at pH 9-2, this indophenol was completely extracted into butanol. It was noticed that the urine of rats and rabbits dosed with naphthalene or 1-naphthol contained in addition a phenol which reacted to give a blue indophenol which was not extracted by butanol. The compound could not be detected regularly in urine of normal animals by this method, but it could be detected and estimated by chromatography and was isolated from such urine. The amount of the substance appeared to be increased by acid hydrolysis. The compound isolated was shown to be m-hydroxybenzoic acid, which Bray, Lake, Thorpe & White (1950) had detected by paper chromatography as a constituent of normal rabbit urine.
EXPERIMENTAL
Reaction of phenols with the phenol reagent. A number of compounds which react with 2:6-dichloroquinone chloroimide has been listed by Fearon (1944) . Extraction of the colour with butanol was used in the present work to avoid interference from coloured products in urine. The extraction also separated phenols into four classes (Table 1) as follows:
(1) Monophenols substituted in the position para to the phenolic hydroxyl gave a green, purple or yellow colour or no reaction, in the butanol.
(2) Other para-substituted phenols containing a second hydroxyl or an acidic group gave similar colours in the alkaline buffer or no reaction.
(3) Monophenols not substituted in the para position gave a blue colour in butanol.
(4) Other phenols with a free para position, but with a second hydroxyl or an acidic group, gave a blue, violet or magenta colour in the alkaline buffer.
Anomalous reactions were observed with naphthoresorcinol and 3-hydroxyphthalic acid ( Table 1) . All speci-mens of urine from rabbits dosed with naphthalene or 1naphthol and some specimens of urine from undosed rabbits which were tested gave a blue colour which was not extracted with butanol. This reaction was presumably due to the presence of phenol with no substitutent in the position para to the hydroxyl group and a second acidic group (e.g. carboxyl or phenolic hydroxyl).
I8oSation of m-hydroxybenzoic acid from urine of rabbits do8ed wiat naphtlalene. (All melting points are uncorrected.) Five rabbits were dosed daily, each with 0-25 g. naphthalene, and the collected urine centrifuged to remove insoluble material. It was acidified to pH 2 by addition of HCI and warmed to 90°. When effervescence had ceased it was cooled and extracted three times with 0-2 vol. ether. Colorimetric tests with the phenol reagent showed that transfer of the required substance was practically complete. The ether extract was washed repeatedly with water and the acidic compounds extracted with 2 % NaHCO3 solution. The NaHCO3 extract was washed with ether, concentrated to 100 ml. and acidified to pH 4 with HCl. On standing at 00 for 12 hr., crystalline material separated which did not Table 1 . Colour reactions of phenole with 2:6-dichloroquinone chloroimide at pH 9-2 (The colour was developed in 0 IM-Na2B407 and extracted with an equal volume of n-butanol.) (3 x 6 cm.), prepared in be column was eluted with the f This deposit was purified and CHCl,/50% methanol; 25% CHCl,/75% methanol; ie mercapturic acid (m.p. 169") methanol and finally 300 ml. NH3, sp.gr. 0-88. The 20). The filtrate was further ammoniacal eluate was acidified and extracted with ether. Fed with benzene. This removed The ether was evaporated to yield a gummy residue which but very little of the phenolic was sublimed at 1500 (0-2 mm. Hg). The sublimate crystalwas concentrated to 5 ml. and lized from benzene to give m-hydroxybenzoic acid, m.p. g, there were deposited colour-(alone and with an authentic specimen) 197-198°.
ppropriate reactionwith phenol
The yields of acid isolated are shown in Table 2 . ilized once from hot water and Acetylation of the product isolated from urine of undosed ae and mixed with an authentic rabbits with acetyl chloride in Analyses for free m.hydroxybenzoic acid were carried out )its was treated as described for on ether extracts obtained by continuous extraction of the th naphthalene. Concentration urines at pH 2 for 20 hr. Ether-insoluble m-hydroxybenzoic act gave no crystalline material acid conjugates were hydrolysed by adjusting the acid conas extracted with 50% CHC13: tent of the extracted urine to 2N with H2SO4 and boiling y trial showed that m-hydroxy-underreflux for 1 hr. The hydrolysed urines were adjusted to ed on alumina and recovered in pH 6 and continuously extracted with ether for 20 hr. The H3.) The extract of the tar was ether extract was then evaporated to dryness and the mina column (Savory & Moore) residue dissolved in 40% (v/v) aqueous ethanol (1-5 ml.). nzene. After adsorption the Quantitative estimations of m-hydroxybenzoic acid were ollowing,solvents: CHCl3; 50% made using a relationship between spot area and the (Fisher, Parsons & Holmes, 1949) . Two standard solutions of m-hydroxybenzoic acid and two dilutions of an ether extract were applied to the paper serially by Exelo pipettes (5 4.). Five applications of each solution were made on each sheet of paper, two sheets ofpaper being used for each determination. After chromatographic development in the same tank and detection of the acid with diazotized p-nitroaniline reagent the papers were dried at room temperature. The spots of the m-hydroxybenzoic acid dye were traced on graph paper (ruled in 1 mm. squares) from which accurate estimations of areas were obtained. From the mean area the concentration of mhydroxybenzoic acid in a urine extract was found from the formula used by Fisher et al. (1949) with errors of ± 2-7 %. The m-hydroxybenzoic acid content of female rats and rabbits and adult male and female human urines have been determined by this method (Table 3) . No m-hydroxyhippuric acid could be detected in any of the rat urines examined.
DISCUSSION
The isolation of m-hydroxybenzoic acid has been reported from the urine of rabbits dosed with ,Bionone (Bielig & Hayasida, 1940) , urine of pregnant mares (Lederer & Polonsky, 1948) and the scent gland of the beaver (Lederer, 1941 (Lederer, , 1949 and from the chemical degradation of juglone (Bernthsen & Semper, 1886) . Fischer & Bielig (1940) found that rabbits fed with a number of unsaturated aromatic compounds excreted m-hydroxybenzoic acid (which was not present in normal rabbit urine examined by them) and that there was a concurrent increase in the excretion of benzoic acid.
Quick (1932), Williams (1938) and Bray, Ryman & Thorpe (1948) investigated the fate ofm-hydroxybenzoic acid administered to animals. In men, mhydroxyhippuric acid is the main product; in the dog, a glucuronide. In rabbits 70-97 % is excreted as free acid, 6-11 % as ester glucuronide, 2-19 % as ether glucuronide and 2-4 % as ethereal sulphate.
Gentisic acid may also be formed.
It was suggested by Fischer & that hydroxybenzoic acids might be formed by oxidation of benzoic acid. However, Smith & Williams (1950) were unable to detect any of the three monohydroxybenzoic acids after dosing rabbits with benzoic acid. Lederer (1949) mentioned m-tyrosine and m-hydroxyanthranilic acid as possible precursors. The latter compound is known to be converted to quinolinic acid in liver (Henderson & Ramasa.rma, 1949) , and it was suggested it might be deaminated by intestinal bacteria. m-Tyrosine has not so far been found in animals.
The isolation of the m-hydroxybenzoic acid from urine of rabbits which were dosed with naphthalene and from urine of undosed rabbits indicates that it may be the metabolic product of some food constituent as yet unidentified. The acid was isolated in a pure form more easily from the urine of naphthalene-treated rabbits than from untreated rabbits. It was also detected more easily in naphthalene urine by the 2:6-dichloroquinone chloroimide reagent, but the estimation by the paper-chromatographic method indicated no difference in the concentration of the acid in the two types of urine. SUMMARY m-Hydroxybenzoic acid was estimated in and isolated from urine of rabbits injected with naphthalene and from untreated rabbits.
